Objective. To evaluate the effect of insoles with medial arch support and metatarsal pad on balance, foot pain and disability in elderly women with osteoporosis.
Introduction
Ageing has been related to balance impairment [1] . Posture control deficiency in the elderly has been related to reduced somatosensory input, including visual, proprioceptive and vestibular information [25] . The result is an increased risk of falls and fractures [6, 7] , especially when associated with osteoporosis [8] .
Feet plantar mechanoreceptors provide detailed spatial and temporal information about contact pressures and shear forces resulting from body movement. They are a valuable feedback mechanism to the postural control system [9] . Interventions that attempt to optimize sensory information from the plantar soles (i.e. foot massage [10, 11] and the use of insoles [1219] and vibrating stimuli [2024] ) seem to enhance balance.
The aim of this study was to evaluate the effect of insoles with medial arch support and metatarsal pad on balance, foot pain and disability in elderly women with osteoporosis and to analyse the influences of some of the obtained socio-demographic and clinical data with the results.
Methods

Study design
This was a randomized controlled clinical trial of the effect of insoles on balance, foot pain and disability in elderly women with osteoporosis compared with a control group without foot orthoses. Randomization was performed using opaque envelopes with concealed allocation. It was conducted from April 2011 to October 2011 in the outpatient clinic of the Rheumatology Division of the State University of Campinas/UNICAMP with the approval of the ethics committee of the Faculty of Medical Sciences of UNICAMP and in accordance with the Declaration of Helsinki. All patients provided written informed consent before study.
Subjects
The inclusion criteria for this study were being female and aged 560 years. Exclusion criteria were reduced tactile and thermal foot sensibility, compromised skin integrity of the lower limbs, autoimmune rheumatic diseases, vestibular symptoms, central nervous system pathologies, peripheral neuropathy, use of insoles in the last month, lower limb prostheses, previous history of foot surgery, amputation of the lower limbs and inability to attend the necessary re-evaluations or to follow the instructions and procedures of the research protocol. Subjects considered eligible were randomly assigned to the intervention group (IG) with insoles or to the control group (CG) without insoles. All patients were in treatment in the outpatient clinic of rheumatology with a confirmed diagnosis of osteoporosis according to the World Health Organization's definition (BMD obtained by dual-energy X-ray absorptiometry in the femoral neck or lumbar spine 2.5 S.D. or more below the young female adult mean) [25] .
Intervention
Subjects from the IG received custom foot orthoses made of ethylene-vinyl acetate with a medial arch support (12 mm thick) and a metatarsal pad supporting the diaphysis of the second to fourth metatarsals (6 mm thick) (Fig. 1) . The insoles were manufactured by the Orthosis and Prosthetics Unit of the Clinical Hospital of UNICAMP under the supervision of an experienced podiatrist. Patients from both groups were given advice regarding shoes. They were instructed to avoid high heels, floppy slippers and shoes with slick soles and to prefer sturdy shoes with non-skid soles.
Outcome measures
Balance, foot pain and foot disability were measured at baseline (t 1 ) and after 4 weeks (t 2 ). The instruments used for data collection included the Berg Balance Scale (BBS), the Timed Up and Go test (TUG), the Manchester Foot Pain and Disability Index (MFPDI) and a numeric pain scale (NPS).
The BBS is a balance assessment test that rates the ability of a subject to maintain balance while performing each of 14 movements required in everyday activities (transferring, standing unsupported, rising from a sitting to a standing position, tandem standing, turning 360 and single-leg standing). Scoring is based on an ordinal 5-point scale from 0 to 4. A score of 0 is given if the subject is unable to complete the task and a 4 is given if the subject is able to complete the task unassisted. The maximum possible score is 56. Testing takes approximately 1520 min and requires a chair with arms and another without arms, a ruler, a stopwatch and a stool [26, 27] .
The TUG test is used to assess the dynamic balance of an individual. It measures the amount of time (recorded in seconds) it takes for the individual to rise from a standard arm chair, walk a distance of 3 m and return to the initial position resting against the back of the chair [2830] . For both groups, BBS and TUG were assessed without foot orthoses at t 1 and t 2 .
The MFPDI consists of 19 statements prefaced by the phrase 'Because of pain in my feet . . .' organized under three constructs: functional limitation (10 items), pain intensity (5 items) and personal appearance (2 items). For each statement there are three possible answers: none of the time (score = 0), some days (score = 1) and most days or every day (score = 2). The final score is the sum of all the items and ranges from 0 to 38. This test is used to assess disability related to foot pain in the elderly [3133] . For the NPS, the subjects were asked to rate the pain in their feet on a scale from 0 to 10 (0, no pain; 10, extremely severe pain) [34] .
Sample size
Sample size was calculated to achieve improvements in the BBS, TUG, MFPDI and NPS. For this purpose, a pilot study was done with 14 subjects using foot orthoses compared with 15 controls without orthoses. Data were analysed using the f power macro of SAS for Windows (version 9.1.3; SAS Institute, Cary, NC, USA). Forty-five subjects per group were considered necessary to achieve improvements in all variables with 80% power, 5% significance level and 0.56 effect size.
Procedures
Patients were asked by a rheumatologist to take part in the study during their regularly scheduled appointments. Those who agreed were instructed about research procedures and were asked to read and sign the informed consent. Socio-demographic and clinical data were collected addressing age, race, marital status, education, age of menopause, visual and hearing impairment, number of falls, previous bone fracture, use of drugs related to balance dysfunction (anti-convulsants, anti-depressants, sedatives, anti-hypertensive), the use of walking devices and BMI. A foot exam was performed regarding skin integrity; foot tactility and thermal sensitivity was assessed using SemmesWeinstein monofilaments (SORRI-Bauru, Sao Paulo, Brazil) [35] and tubes containing heat (40 C) and cooled water as previously described [36] . In accordance with inclusion and exclusion criteria, patients were then randomized into IG and CG. Randomization was performed using opaque envelopes with concealed allocation. After that, subjects were asked to fill out the MFPDI and the NPS and were subjected to the BBS and TUG on the initial visit and after 4 weeks. The same nurse, who was not blinded to patient allocation, performed these tests. Subjects from the IG were given custom-made foot orthoses on the same day as the appointment. They were asked to note and report the occurrence of any adverse effects and to note the insole daily wearing time (<4 h, 48 h, >8 h).
Statistical analysis
For sample profile analyses, tables with descriptive statistics showing the mean, S.D., median and maximum and minimum values of each variable were used. To compare baseline values between the two groups, the chi-squared test, Fisher's exact test and MannWhitney test were applied. Repeated measures of analysis of variance followed by Tukey's test for multiple comparisons and the contrast profile test were used to compare the longitudinal measures between groups (IG vs CG) over a 4-week period (t 1 vs t 2 ) and the interaction between them (groups vs time). Because of the absence of normal distribution, the variables were converted into ranks. For numeric variable relationship analysis, the Spearman correlation coefficient was used. Multivariate and univariate linear regression analyses were used to analyse the relationships of the socio-demographic and clinical data with the balance, disability and pain variables. All the data were analysed using SAS for Windows (version 9.1.3) with a 5% level of significance (P < 0.05).
Results
A total of 242 subjects were screened, of whom 94 women were randomly assigned to the IG with insoles and the CG without insoles. Five subjects dropped out of the study, three of whom were from the IG: one suffered a sudden orthopaedic trauma (not related to the insole), another could not return for re-evaluation for personal reasons and one interrupted orthotics use due to pain. As shown in Fig. 1, 89 subjects [mean (S.D. ) age 72.38 (6.83) years] completed the research protocol, 45 in the CG and 44 in the IG.
The socio-demographic and clinical data from the 89 subjects are shown in Table 1 . The mean age of the subjects was 72.38 years; the majority of them were white (80.9%) with <4 years of education (64%), living without a partner (60.67%). The mean value of BMI was 24.51, and mean menopause age was 45.35 years. Previous spinal fractures were reported by 7 subjects, while peripheral fractures were reported by 49 subjects. Visual and hearing impairment was reported by 61 (68.53%) and 29 (32.58%) women, respectively. Fifty-two (58.43%) patients were taking medicine related to balance impairment. Falls in the past 12 months were reported by 59 patients (66.29%). Concerning the use of ambulation devices, three patients were using canes regularly, two from the IG and one from the CG. Greater pain (NPS) and disability (MFPDI) indexes were related to worse balance (TUG and EEB; P < 0.05). There were no significant differences between IGs and CGs (P < 0.05). Table 2 displays the BBS, TUG, NPS and MFPDI scores. Groups were similar at baseline, but, as shown in Table 3 , at the end of the protocol (t 2 ) significant differences were noted between groups, with significant improvement for all variables in the IG. In contrast, in the CG, balance (BBS and TUG) and MFPDI remained stable while foot pain (NPS) significantly increased (Fig. 2) .
The improvement noted in the IG was independent of baseline socio-demographic variables (age, race, education, marital status) and clinical data (BMI, age of menopause, fractures, falls, drugs, visual or hearing impairment). Married patients tested better for balance (TUG, P < 0.022; BBS, P < 0.049) compared with subjects without a partner (singles or widows). Patients who reported visual impairment had better TUG (but not BBS, NPS or MFPDI) improvement compared with those who did not report visual impairment (P < 0.038).
The insoles were worn for >8 h/day by 16 patients (36.36%), from 48 h/day by 15 patients (34.09%) and <4 h/day by 13 (29.55%) patients. Those who reported using the orthoses for >8 h/day showed greater improvement in BBS (but not in TUG, NPS or MFPDI) than did those who wore the orthoses for <4 h/day (P < 0.022). Improvement in balance (both BBS and TUG) was independent of pain (NPS) and disability (MFPDI) at baseline, but the patients with greater MFPDI values (worse disability) exhibited less improvement than did those with lower MFPDI values (P < 0.05).
www.rheumatology.oxfordjournals.org As reported in the Methods section, only one subject interrupted insole use due to pain, and that subject was excluded from the study. The patients who finished the research protocol reported minor adverse effects, such as discomfort (two patients), foot heat (two patients) and tightness of footwear (two patients). During the follow-up period there was no occurrence of falls for either group.
Discussion
Balance impairment is common in the elderly [1] and leads to an increased risk of falls and fractures [6, 7] , especially in osteoporosis [8] . Interventions to improve postural control in these subjects have been encouraged [12, 13, 15, 16, 20] . In this study, foot orthoses with medial arch supports and metatarsal pads were effective in improving balance, disability and pain for elderly women with osteoporosis. These findings were independent of socio-demographic and clinical factors, such as age, race, education, marital status, BMI, age at menopause, medication use, visual or hearing complaints, number of falls and previous fractures.
Elderly plantar somatosensorial impairment and poorer central postural integrative mechanisms do seem to have an important effect on balance [35, 9] . It is difficult to compare studies on the influence of plantar foot stimulation in postural control due to the heterogeneity of the protocols. However, several approaches have been shown to be effective in improving balance. Mulford et al. [12] observed BBS and TUG improvement Variables were converted into ranks due to the absence of a normal distribution. b Significant IG vs time: there were significant differences between groups (Tukey test): IG 6 ¼ CG in t 2 ; significant differences between times (t 1 6 ¼ t 2 ) (contrast profile test) in both CG (pain worsened) and IG (pain improved). c Significant interaction group vs time: there were significant differences between groups (Tukey test): IG 6 ¼ CG in t 2 ; significant differences between times (t 1 6 ¼ t 2 ) (contrast profile test) only in IG and not in CG.
in 67 healthy subjects (mean 69.9 years) wearing insoles with an arch support. Although in accordance with our findings, their results had a smaller effect size. This difference may be explained by the orthoses used in each protocol. Given that a greater concentration of mechanoreceptors has been observed in the MTP region, the additional use of a metatarsal pad in our protocol may have provided better afferent information [37, 38] .
Perry et al. [17] , using a gait perturbation protocol, also observed an improvement of balance in 40 older adults (mean age 69 years) wearing insoles with edge elevations. However, Wilson et al. [39] did not observe postural control improvement using a balance platform when comparing three groups of 10 patients with different foot orthoses (with a plain, grid or dimpled surface) vs CG without insoles. This disagreement may be due to the small number of participants in each group and the comparatively young ages of the subjects studied [women aged 51.1 (S.D. 5.8) years].
In two similar studies, Palluel et al. [15, 16] evaluated the use of sandals with multiple rounded spikes on their surfaces and verified balance improvements in both young and old adults. These studies highlighted that, compared with the young, elderly people presented an inability to rapidly reconfigure their postural set when sensory context was modified (i.e. removing the plantar surface spikes). Priplata et al. [2022] noted that the use of a subsensorial vibrating stimulus enhances human balance control and that inputting noise on the plantar surface results in a reduction of postural sway in elderly subjects towards the level of young people. Galica et al. [24] also described gait improvement in the elderly after plantar foot subsensory vibratory noise stimuli in both fallers and non-fallers.
While Corbin et al. [14] observed better postural control in 33 young subjects wearing plastic-textured insoles, Percy and Menz [40] did not observe balance improvement in 30 male athletes with two different foot orthoses. It seems that young people experience little or no improvement in balance after foot plantar stimulation because they have almost optimum sensory feedback and balance control [24] . However, in the presence of neuropathic [21, 23] or orthopaedic conditions [18, 19, 4143] , foot devices may be helpful in improving balance in young subjects.
There is no standardized method for the prescription of insoles when the goal is the improvement of balance. The use of foot orthoses, even without pads or arch supports, can influence proprioception. This justifies the need for a CG without insoles, considering that use of placebo orthoses may itself have an effect like that of treatment orthoses. As discussed by Palluel et al. [16] , the effects of a partial stimulation of the foot sole (e.g. the forefoot, the mid-foot or the heel) and what kind of stimulation is more appropriate are still to be determined and need to be objectives of future research.
Orthoses are readily available, cause only minor adverse effects, are well accepted and can also reduce pain and disability [44, 45] . They may be good adjuvant devices in improving balance with a good costbenefit ratio if the morbidity related to falls and fractures of elderly is considered.
Few adverse effects due the foot orthoses used were noted in this study. Only one patient reported pain due to the insole and could not finish the research protocol. This is in accordance with other authors who reported good insole acceptance with long wearing time and improvement in pain, function and quality of life [12, 17, 39, 40] .
Unfortunately this study has some important limitations. Balance evaluation (BBS and TUG) was performed by the same nurse, who was trained in the tests used but was not blind to patient allocation. Even though subjects from both the CG and IG were instructed about footwear, shoes were not controlled in this trial. Although BBS and TUG could give some information about physical conditions and lower limb strength, these factors were not systematically assessed in this protocol and we may not rule out the influence of these data in our results.
The study of strategies for improving balance and preventing falls and fractures in the elderly has raised growing interest due to the rapid ageing of the population. The findings of this study strongly suggest that insoles with medial arch support and metatarsal pad are effective for improving balance in a high-fracture risk group (elderly women with osteoporosis). Studies regarding the mechanisms of action of insoles that provide information about the various possible devices that can be used and the most suitable plantar regions to place them should be encouraged.
Rheumatology key messages
. Foot orthoses with medial arch support and metatarsal pad improve balance in elderly women with osteoporosis. . Foot orthoses reduce foot pain and improve disability in elderly women with osteoporosis.
